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ABSTRACT 

We present high angular resolution {9syn 

< 0'.'2) observations of the 23.1-GHz 
methanol (CH3OH) transition toward the massive star forming region NGC 7538 IRS 
1. The two velocity components previously reported by Wilson et al. are resolved 
into distinct spatial features with brightness temperatures (Tb) greater than 10^ K, 
proving their maser nature. Thus, NGC 7538 IRS 1 is the third region confirmed to 
show methanol maser emission at this frequency. The brighter 23.1-GHz spot coincides 
in position with a rare formaldehyde (H2CO) maser, and marginally with a 22.2-GHz 
water (H2O) maser, for which we report archival observations. The weaker CH3OH 
spot coincides with an H2O maser. The ratio of Tb for the 23.1-GHz masers to that 
of the well-known 12.2-GHz CH3OH masers in this region roughly agrees with model 
predictions. However, the 23.1-GHz spots are offset in position from the CH3OH masers 
at other frequencies. This is difficult to interpret in terms of models that assume that 
all the masers arise from the same clumps, but it may result from turbulent conditions 
within the gas or rapid variations in the background radiation field. 
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Introduction 



NGC 7538 is a Galactic star forming region located at a distance of 2.65ln^^ kpc (iMoscadelli et al. 



20091 ) . Multiple infrared sources were discovered in the vicinity by IWvnn- Williams et al.l (119741) . 
The brightest of these, IRS 1, w as recently resolved in the near-IR and mid-IR bv lKraus et alj (j2006l ) 

and lDe Buizer &: Miiiieii (l2005ll. respect i yely. The centim eter free- free emission has a bipolar struc- 

ture (|Campbelll984l : ISandell et alJl2009l : Izhu et alJ[201ol ) and shows variability (IFranco-Hernandez &: Rodrfguea 



2004') ■ Also, the recombination line s from the ionized gas are unusually broad (jGaume et al 
Sewilo et al.lbooi Ixeto et al.ll20(M ). 



1995 



NGC 7538 IRS 1 is an exceptionally rich maser source. Maser emission has been detected 
in hydroxyl (OH), water (II2O), ammonia (NII3), methanol (CII3OII), and formaldehyde (II2CO) 
(e.g., Gaume et al. 1991, hereafter G91; Hutawarakorn & Cohen 2003; Hoffman et al. 2003, 
hereafter H03; Kurtz et al. 2004 ). CH^QH eru i ssion at 23.1 GHz, from the 92 — lOi ^4+ transition, 
was reported for NGC 7538 bv Iwilson et al.1 hdsi ) (hereafter W84). They speculated that the 
emission was maser in nature, based on observations taken with the Effelsberg radio telescope 
{Obeam ~ 43"). The well-known 6.7-GHz (5i - 60 A+) and 12.2-GHz (2o - 3_i E) class II CH3OH 
masers have also been detected toward this source (Minier et al. 2000, hereafter MOO; Minier et 
al. 2002; Moscadelli et al. 2009, hereafter M09). Evidence for a circumstellar disk in IRS 1, based 
on a velocity gra dient within a linear s t ructu re of 6.7-GHz and 12. 2- GHz methanol maser spots, 
was presented bv iPestalozzi et al.l (|2004l . |2009| ) (see however iDe Buizer &: Minieiil2005l ). The warm 
molecula r gas surrounding the hypercompact H II region (IRS 1) also has dynamics indicative of 
rotation (jKlaassen et al.ll2009l ). 



The 23.1-GHz class II CH3OH maser is quite rare. Until now, only two regions harboring 
these masers have been confirmed: W3(0H) and NGC 6334 F (W84; Menten et al. 1985; Menten 
et al. 1988; Menten & Batrla 1989). ICragg et al.l (|2004l ) observed 50 southern star-forming regions 
and detected 23.1-GHz maser emission in only one — the previously known NGC 6334 F. The 
4.8-GHz (lio — 111) H2CO maser in NGC 7 538 IRS 1 is also q uite rare; at present, only seven of 
these masers have been found in the Galaxy (jArava et al.ll2008l . and references therein). And NH3, 
although ubiquitous in massive star forming regions, is no t a common maser. Various transitions 



and isotopes are known to present maser emission (e.g., ISchilke et al 



1991 



Hofner et al. 1994 



Galvan-Madrid et al.l I2OO9I). but to date, the metas t able ^^NH3 (3,3 ) ma s er has only been found 



in NG C 7538 IRS 1 (G91: iMauersberger et al.lll986l : l.lohnston et al. 
19961 ). 



198S 



Wyrowski Walmsley 



Because the original 23.1-GHz CH3OH detection by W84 was never pursued at higher angular 
resolution, and because of the presence in IRS 1 of not one but possibly three rare maser species, we 
observed NGC 7538 IRS 1 with the goals of confirming the maser nature of the 23.1-GHz CH3OH 
emission, and accurately locating this emission with respect to the other masers. In § 2 we describe 
the observations and the data reduction procedure. We present the results in § 3 and provide a 
discussion in § 4. 
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Observations 



We observed the CH3OH 92-10i A+ transition at 1.3 cm (i/q = 23.121024 GHz. lMehrotra et al 
19851 ^ toward NGC 7538 IRS 1 with the VLA of NRAoQ The observations were made on 2006 May 
29 and May 30 for a total on-source time of ~ 1 hour (program AG722). The array was in the BnA 
configuration and the pointing center was a(J2000) = 23'' 13™ 46?00, (5(J2000) = 61° 28' 11''0. We 
used the lA correlator mode, measuring right circular polarization without Hanning smoothing. A 
3.125 MHz bandwidth with 255 channels of 12.207 kHz each, provided a velocity coverage of 40 km 

and a channel width of 0.16 km s~^. 

The data were reduced following standard spectral line procedures with the AIPS software 
of NRAO. The flux, phase, and bandpass calibrators were J0137+331 {S^ = 1.08 Jy, calculated 
using the 1999.2 VLA values), J2322+509 (5^ = 0.93 ± 0.02 Jy, bootstrapped flux density), and 
J0319+415 = 11.4 lb 0.2 Jy, bootstrapped flux density), respectively. The data received one 
iteration of phase-only self-calibration. A continuum level of about 300 mJy was subtracted in 
the (n, v) plane and bandpass calibration was applied. The final image cube was made with the 
ROBUST parameter of AIPS task IMAGR set to 0, resulting in a synthesized beam of FWHM = 
0^'23 X 0''12 at position angle -|-70°. The per-channel noise level of the CLEANed image cube was 
7 mJy beam~^. 

The highest angular resolution observations of H2O masers in NGC 7538 reported in the 
literature are the 5-6" resolution data of Kameya et al. (1990). However, archival A-configuration 
VLA data, taken on 1999 July 30 under program AS667 (see Sarma et al. 2002) are available. The 
data were taken in B1950 coordinates, and were precessed to J2000 before processing. The precessed 
pointing center was a = 

23h 13111458333^^ ^ 61°28'10"59. The observations were made in the 4IF 
Hanning-smoothed mode, observing the water maser line at 22.235 GHz, centered at Ylsr = ~58 
km s~^. A 0.781 MHz bandwidth with 63 channels was employed, providing a velocity coverage 
of 10.5 km with 0.17 km s~^ channels. 

The data were reduced using standard high-frequency calibration procedures. The flux and 
phase calibrators were B0134-I-329 {S^, = 1.13 Jy, calculated from the 1992.2 VLA parameters) and 
B2320-I-506 {S^ = 1.33 ± 0.07 Jy, bootstrapped flux). No bandpass calibration was applied. The 
data were self-calibrated in phase and three fields were imaged with a synthesized beam of 99.6 
X 77.1 milli-arcsec at a position angle of -|-15°. Maser-free channels had a typical rms noise of 20 
mJy beam~^. One field was 1'3 from the pointing center; a primary beam correction was applied 
to this image. 

Positional uncertainty arises from the intrinsic uncertainty in the calibrator position (< 0"002 
for B2320-I-506), phase stability and distance from the phase tracking center, precession of coor- 
dinates, and the statistical uncertainty of the Gaussian fit. The latter quantity depends on the 



^The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under 
cooperative agreement by Associated Universities, Inc. 



-4- 



signal-to-noise ratio and varies from one maser to another. Taking the sources of uncertainty into 
account, we report a worst-case absolute positional error for the water masers of 0''05. 

3. Results 

3.1. Methanol Masers: Source Sizes and Positions 

We detect emission at two sky positions, and denote them by N (for North) and S (for South). 
The two features are nominally resolved at our angular resolution. The emission in the peak channel 

of each component was well-fit by a 2-D Gaussian. The S component has a deconvolved size of 
0''11 X 0''07 (±0('05) at position angle +73° ± 40°. The N component has a major axis of 0''09 (at 
position angle +49° ± 10°); it is unresolved in the orthogonal direction. 

The spatial positions of the two spectral components are separated by about a beamwidth (see 
Figure 1). The 2-D Gaussian fits yield J2000 positions of oat = 23'' 13'"" 45?358, Sn = 61° 28' 10('45; 
and as = 23^ 13"^ 45?365, 5s = 61° 28' 10^'28 for the N and S components, respectively. The 
absolute position of the phase calibrator (J2322+509) is reported with an accuracy of 0.002" in 
the VLA database. The phase noise in this quasar after calibration was < 10°, and no change in 
the position of the maser spots was introduced by the self-calibration. We estimate the absolute 
positional uncertainty to be not greater than 0''05. 

3.2. Methanol Masers: Spectral Line Parameters 

Wc fit the spectrum of each emission spot with a single Gaussian profile (see Fig. 2), to 
obtain the line-center velocities, lincwidths, and peak intensities listed in Table 1. These results are 
roughly consistent with those of W84. The flux densities of the spectral features are lower by 26 % 
and 54 % (for components N and S) than in the Effelsberg observations (W84). Also, the linewidths 
at half power in our data are 32 % smaller (N) and 52 % larger (S) than in W84. The centroid 
velocities match within 0.3 km with those reported by W84. The discrepancies could arise for 
a number of reasons, such as time variability in the masers, different Gaussian fitting procedures, 
and our higher spatial/spectral resolution and signal-to-noise ratios. 

3.3. Water Masers 

Twenty-one water masers were detected in three distinct clusters. We refer to these clusters as 
M (main; coincident with IRS 1), E (east, about 6" east of IRS 1 ), and S (south, about 80" south 
of IRS 1 and corresponding to NGC 7538 IRS 11). The position, peak flux, velocity, and velocity 
range of each maser are reported in Table 2. Within each cluster the masers are numbered by 
increasing right ascension. The positions of some of the masers corresponding to IRS 1 are shown 
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in Figure 3. 

Water masers frequently occur over a wide velocity range and indeed, maser emission was 
found at both extremes of the 0.781 MHz passband. Kameya et al. (1990) reported a velocity 
range of —45.4 to —83.4 for water masers around IRS 1-3; it is highly probable that additional 
masers are present at velocities outside of the —52.8 to —62.2 km s~^ range observed by program 
AS667. 



4. Discussion 



4.1. Nature of the emission 



W84 did not have sufficient angular resolution to place a useful limit on the source brightness 
temperature. Nevertheless, they argued that the emission was of maser origin, based on absorption 
in the CH3OH lOi — 92 A~ line. This absorption implied that the excitation temperature of the 
CH3OH 92 — lOi emission line was greater than the background temperature of at least 1000 K. 
With our 250 X higher angular resolution we calculate brightness temperatures of Tn > 1.3 x 10^ 
K and T5 ~ 4 x 10'* K for components N and S, respectively. Such high brightness temperatures 
cannot reflect the kinetic temperature of the molecular gas, thus we prove the maser nature of the 
emission. The relatively broad linewidths may indicate that the masers are saturated; alternatively, 
it could indicate the presence of unresolved maser components. 

Three objects are no w confirmed to harbor 23 .1-GHz CH3OH ma ser emission: NGC 7538 IRS 
1 (this paper), W3(0H) dMenten et al.lll98,5l . [l988l ^. and NGC 6334F dMenten fc Batrlalll989l ). 



4.2. Comparison with other masers 

Figure 3 shows an overlay of the free-free continuum with the locations of the masers we 
discuss here. The 6.7-GIIz and 12.2-GIIz CII3OII masers reported by MOO {right panel) and the 
12.2-GIIz CII3OII masers reported by M09 {left panel) are plotted in separate panels for clarity. 
The positions of MOO were shifted by 18 mas to the west and south to account for the proper motions 
reported by M09 for CH3OII masers. Although not shown in Figure 3, OH masers reported by 
Hutawarakorn & Cohen (2003) are located slightly south of the IRS 1 core, coincident with the 
more diffuse continuum emission seen at the bottom of Figure 3. The most striking feature is the 
general clustering of the many different maser species around IRS 1. The bright core of continuum 
emission from IRS 1 has linear dimensions of order 1000 AU. Scattered across this area are the 
various masers of class II CH3OH, H2O, NH3, and H2CO. There are three spatial coincidences 
at the present angular resolutions. One is the 23.1-GHz component S, which coincides with H2O 
maser M8. Another is the 23.1-GHz component N, which coincides with component I of the 4.8- 
GHz formaldehyde maser (which is itself resolved into two components: la and lb, separated by 
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~ 60 AU; H03) and is also marginally associated with the H2O maser M7. The third association 
is H2O maser M6 with component II of the H2CO masers. Table 3 lists the positions, offsets, and 
absolute positional uncertainty of the coi ncident masers. The 6. 7 or 12.2-GIIz CH3OH spot closest 



to a 23.1-GHz maser is component 1 of iMoscadelli et al.l (|2009l ). with a separation of 65 mas (or 



1.3cr) from our component N. As we are confident with our estimates of the astrometric precision, 
we still rule out an association between these features. 

The velocities of the 23.1-GHz CH3OH masers {Vn ^ -56.1 km s~\ Vs « -59.1 km s"^) 
are similar to those of the other masers in the vicinity of IRS 1. The 6.7-GHz CH3OH masers 
have LSR velocities in the range Vg.? = [-61.6,-55.0] km s~^, and the cross-power spectrum of 
those masers for the entire field shows two velocity components centered at ~ —56 km s^^ and 
^ -58 km s"^ (MOO). MOO also report several 12.2-GHz CH3OH masers coincident with 6.7-GHz 
masers; the velocities of the former are ~ —58 km s~^. M09 reports more CH3OH masers at 
12.2 GHz than does MOO; all of the additional masers are in the velocity interval [—61.9, —55.8] 
km s^^. The 4.8-GHz H2CO masers also have two velocity components. The components la 
and lb have almost the same LSR velocity {Via ~ -57.9 km s~\ Vit ~ -57.8 km s"^), while 
component II is at Vu ~ —60.2 km s~^ (H03). The ^^NH3 (3,3) masers have velocities in the range 
Vi5NHs = [-52.8,-61.7] km s"^ (G91). The H2O masers reported here have a velocity range of 
VffjO = [—53, —63] km s~^ (see Table 1). The typical errors in the determination of the velocity 
features are ~ 0.1 km s^^ or better. 

For the positional associations the corresponding velocities are very similar. CH3OH maser S 
is centered at —59.11 km s~^, and H2O maser M8 spans the range [—60.8, —59.2] km s~^. CH3OH 
maser N is centered at —56.09 km s~^ while H2CO masers la/Ib are at —57.9/ — 57.8 km s~^. 
The corresponding H2O maser, M7, spans the range [—58.2, —55.2] km s~^, which includes both 
the CH3OH and H2CO maser velocities. Hence, the maser counterparts coincide both spatially and 
kinematically. 



4.3. Comparison with models 



Although the 23.1-GHz methanol masers do coincide with water and formaldehyde masers, 
they do not coincide with 6.7-GHz or 12.2-GHz methanol masers. Fig. 3 shows that this holds 
when the positions of the 23.1-GHz CH3OH masers are compared to either the masers reported by 
MOO (right) or by M09 (left). The absolute position uncertainties are ~ O'.'Ol or better for MOO, 
and ~ O'.'OOl for M09. It is not surprising that regions masin g at 6.7 or 12.2 GHz might not show 
23.1-GHz maser emission — the models of ICragg et al.l (|2005l ) indicate that the former transitions 
mase over a wider range of physical parameters than the latter transition. But it is suprising that 
23.1-GHz masers would not be accompanied by 6.7 or 12.2-GHz masers: if conditions are adequate 
for 23.1-GHz masing, they sh ould also be adequate for 6.7 and 12.2-GHz x nasing . Moreover, current 



models of methanol masers (|Sobolev et al.l ll997al B | Cragg et al.l 12004 l2005l ) predict brightness 



temperatures that are orders of magnitude higher for the 6.7 and 12.2-GHz masers compared to 
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the 23.1-GHz maser. 



In light of current models, then, the puzzle is why the locations of the 23.1-GHz masers do 
not also show 6.7 or 12.2-GHz emission. A possible explanation is the non-simultaneity of the 
observations. However, the observations of MOO were made within days to months of ours, and the 
maser spots were consistent for all the epochs of M09 (Mark Reid, personal communication). 

Changing physical conditions as a f unction of time are to be expecte d in the dynamic and turbu- 
lent medium of star formation regions (jBallesteros-Paredes et al.l 120071 . and referenc es therein). In 



fact, the turbulent medium may be intimately related to the production of the masers (jSobolev et al 



19981 ). Most of these changes will occur on a dynamic timescale, however, which is typically orders 
of magnitude longer than astronomical monitoring. Much more rapid change can be produced in the 
radiation fields. Recent models of H II regions with accretion activity predi ct the existeiice of signifi- 
cant variations in the cm free-free flux on timescales as shor t as a few years (IPeters et al.ll20ld). Fas t 
variations in the radio flux have been reported for IRSl bv iFranco-Hernandez &: Rodriguea (120041) 



which is one of the best candidates for an H II region still undergoing accretion (jKlaassen et al 
2OO9I : ISandell et al.l[2009l : Izhu et aPboiol ). Moreover, all of the three known 23.1-GHz CH3OH 



maser regions have background free-free emission detected at radio wavelengths (Menten et al. 
1988; Carral et al. 2002; this paper). The extended frequency coverage of the Expanded VLA 
(EVLA) will facilitate simultaneous multi-transition maser studies of this type of objects at high 
angular resolution. 

Finally, we underscore that if the 23.1-GHz maser and the 4. 8-GHz H2CQ are c l ose in 
space, then similar general conditions may give rise to both rare masers. iBoland fc de Jond (|l98ll ) 
developed a pumping model fo r the IRS 1 H2CO maser based on free- free emission from the H II 
region, and lPratap et al.l (|l992l ) concur that this model is adequate to explain the 4.8-GHz maser in 
IRS 1. Nevertheless, the Boland & de Jong mod el also predicts a brig ht H2CO maser at 14.5 GHz 



and t his maser transition was not detected by iHoffman et al.l (j2003l ). Furthermore, lAraya et al 



([20071) showed that this model is not able to explain the H2CO maser in another region of high- 
mass star formation: IRAS 18566+0408. We note that the consideration of non-simultaneous 
observations applies equally to these coincident masers as it did to the non-coincident methanol 
masers mentioned above. This caveat notwithstanding, the possible correlation of these two rare 
maser species may prove helpful in better deflning the pumping mechanism of each. 
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Table 1. Spectra Parameters 



Parameter 


N 


S 


Peak (iiijy bcam^-'-) 


331 ±4 


97 ±3 


Tfi.pcak" (K) 


> 1.3 X 10^ 


~ 4 X 10"' 


Vlsr" (km s-i) 


-56.09 ±0.02 


-59.11 ±0.08 


AVfwhm'' (km s-i) 


1.78 ± 0.04 


2.89 ±0.18 


ds^ (arcsec) 


< 0.09 X 0.09 


0.11 X 0.07 



''Prom a Gaussian fit to the spectrum of the component. 
la statistical errors are quoted. 

''Spot diameters at half power are from a 2-D Gaussian fit 
at the peaJj channel of the component, using the taslc JMFIT 
in AIPS. For component N the value of the minor axis is an 
upper limit; see §3.1. 



Table 2. Water maser positions and velocities 



Mascr 


R.A. (J2000) 


Dec. (J2000) 


Peak 


Peak Vlsr 


Velocity Range 


Designation'' 


(sec)'^ 


(' 


(Jy) 


(km s^-"-) 


(km s^-"-) 


Ml 


45.305 


28 09.38 


26.8 


-61.6 


-60.8 to -62.3 


M2 


45.306 


28 09.33 


0.90 


-58.8 


-58.5 to -59.5 


M3 


45.324 


28 10.57 


31.7 


-57.8 


-57.3 to -58.5 


M4 


45.340 


28 09.34 


0.97 


-62.3 


-61.5 to -63.1 


M5 


45.350 


28 10.42 


138. 


-60.1 


-59.5 to -61.1 


M6 


45.351 


28 10.39 


0.43 


-58.5 


-58.0 to -59.0 


M7 


45.362 


28 10.42 


0.69 


-56.7 


-55.2 to -58.2 


M8 


45.365 


28 10.32 


41.7 


-60.0 


-59.2 to -60.8 


M9 


45.377 


28 09.59 


2.15 


-59.3 


-58.8 to -60.5 


MIO 


45.383 


28 10.69 


0.60 


-53.4 


-53.1 to -54.1 


El 


46.365 


28 13.65 


1.03 


-55.0 


-53.4 to -56.2 


E2 


46.930 


28 10.17 


6.91 


-53.4 


-53.1 to -54.2 


E3 


46.956 


28 09.99 


0.33 


-61.9 


-61.0 to -62.9 


SI 


44.766 


26 51.22 


357. 


-54.9 


-53.1 to -56.2 


S2 


44.949 


26 49.61 


3.82 


-57.3 


-56.8 to -57.8 


S3 


44.959 


26 49.73 


4.47 


-60.8 


-60.1 to -62.6 


S4 


44.964 


26 49.50 


20.7 


-54.1 


-53.7 to -54.4 


S5 


44.967 


26 49.40 


11.4 


-56.7 


-56.4 to -57.2 


S6 


44.973 


26 49.43 


1.49 


-55.7 


-54.9 to -56.8 


S7 


44.973 


26 49.27 


2.99 


-56.2 


-55.9 to -57.3 


S8 


44.979 


26 49.75 


2.28 


-62.4 


-62.1 to -62.8 



''The masers associated with IRS 1 are designated M, those lying substantially to the 
east (about 6") are designated E, and the cluster to the south (corresponding to IRS 11) is 
designated S. Within each designation the masers are numbered in order of increasing Right 
Ascension. 

"All masers are at 23'' 13™ R.A.; only seconds are listed here. Likewise, all masers are at 
+61° Dec; only minutes and seconds are listed. 
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Table 3. Maser Counterparts 



Maser 


R.A. (J2000) 


Dec. (J2000) 


Abs. Uncertainty 


Offset'' 


Reference 


Designation 


(h m s) 


(0 , ») 


(") 


(") 




CH3OH 23.1-GHz N 


23 13 45.358 


61 28 10.45 


0.05 




This paper 


H2CO 4.8-GHz /b 


23 13 45.3559 


61 28 10.444 


0.003 


0.02 


Hoffman ct al. (2003) 


H2O M7 


23 13 45.362 


61 28 10.42 


0.05 


0.04 


This paper 


CH3OH 23.1-GHz S 


23 13 45.365 


61 28 10.28 


0.05 




This paper 


H2O M8 


23 13 45.365 


61 28 10.32 


0.05 


0.04 


This paper 


H2O M6 


23 13 45.351 


61 28 10.39 


0.05 




This paper 


H2CO 4.8-GHz 77<= 


23 13 45.351 


61 28 10.37 


0.05 


0.02 


Hoffman et al. (2003) 



^'Offset from the source listed first 

''Average position of the la and 76 components reported in Table 4 of H03. 
'^Position extracted from Figure 5 of H03. 
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45.32 



45.30 



45.28 



Fig. 1.— Contour plot of the 23.1-GHz CH3OH emission toward NGC 7538 IRS 1. The sohd 
contours show the North component while the dashed contours show the South component. The 
crosses indicate the peak positions from 2-D Gaussian fits. Both sets of contours, and their respec- 
tive crosses, were obtained from the peaJi channel of the corresponding maser. The synthesized 
beam is shown in the lower left corner. The image rms in each channel is 7 mJy beam~^. 
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Fig. 2.— CH3OH 92 - lOi spectra at 23.1 GHz toward the NGC 7538 IRS 1 region. Top: 
Spectrum toward the northern maser A'^ (see §3.1). Bottom: Spectrum toward the southern maser 
S. Gaussian fits are plotted with dashed hues. 
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Fig. 3. — Overlay of the 2-cm continuum {gray scale) with masers (symbols) t oward NGC 7538 



IRS 1 . The left panel shows the 12.2-GHz CH3OH masers (circles) reported by iMoscadelli et al 
([20091). The right panel shows t he 6.7-GHz (x symbols) and 12.2-GHz (circles) CH3OH masers 



reported by iMinier et al.l (j200d ). Both panels are identical in the rest of their content. The 
square at the core of the nebula denotes the region with multiple ^^NH3 masers reported by 



Gaume et al.l ()199ll ). The hexagons mark the 22.2-GHz H?0 masers reported in this paper. The 



diamonds mark the 4.8-GHz H2CO masers observed by Hoffman et al. (j2003l ). The crosses mark 
the two 23.1-GHz CH3OH masers re ported in this paper. The 2-cm continuum image is from 
Franco-Hernandez &: Rodriguez! (|2004l ): its synthesized beam is shown in the lower left corner. The 
symbol size of the new masers reported in this paper corresponds to the u pper limit to their ab - 
solute position unc ertain ty (±0.05^0. The symb ol size for the masers from iHoffman et al.l (j2003l ). 
Minier et al.l (j200d ) , and IMoscadelli et al.l ((20091) is larger than their absolute position uncertainty 
(as small as ±0.001" for M09). The absolute position uncertainty of the background continuum is 
similar to that of the new masers we report. The relative uncertainties for a given observation are 
smaller than the symbols for all cases. 



